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A common hope of many physics educators and researchers is that students leave the course
with a stronger sense that physics is relevant to them than when they entered the course. Multiple
survey measures have attempted to measure shifts in students’ beliefs on the relevance of physics but
frequently the results show a negative shift in students’ beliefs and are often reported as a failure of
students to “see the relevance.” We challenge this interpretation by first operationalizing relevance
as a construct by using existing theories on beliefs and attitudes. We utilize ecological systems theory
to identify rich sites of relevance in students lives and present evidence to demonstrate the rich ways
students are able to make relevant connections to physics. We then reflect on the implications of this
expanded view on the limitations of past measures of relevance. We articulate how incorporating
students’ disciplinary ideas and expertise into the classroom can challenge previous deficit-framed
narratives of students’ abilities to find the relevance of physics.
I. INTRODUCTION
National policy recommendations for the integration
of knowledge across the disciplines continue to position
physics concepts and reasoning skills as being important
and useful to degrees in STEM or careers in the health
sciences [1, 2]. Many undergraduate students pursuing a
degree in STEM will be required to complete an introduc-
tory physics course [3], but research in Physics Education
Research (PER) suggests that students do not share the
belief that physics is relevant to them [4–13].
In a typical large physics department, non-physics ma-
jors constitute one of the largest proportion of students
in an introductory physics classroom (algebra-based and
calculus-based combined) [14]. It is important to the
success of these students, who do not plan on pursuing
physics as a career, that they are able to build connec-
tions from physics to their lives [4, 15].
Our purpose in this paper is two-fold — first to re-
view the ways in which scholars in PER have attempted
to probe students’ sense of relevance and show how the
picture of relevance generated by such measurements is
incomplete. Our second goal is to operationalize a con-
struct of relevance that explores the systems that com-
promise students’ lives and use it to analyze student ex-
periences in an introductory physics for the life sciences
course. We present the experiences from two case studies
that highlight the affordances of this approach in captur-
ing a richer, more expansive picture of students’ sense of
the relevance of physics. During this work, we critically
examine the implications of having an incomplete picture
of students’ abilities to connect physics to their lives in
perpetuating deficit-interpretations of the abilities of life
science majors.
A. What we know about relevance
Even in the midst of calls for instructors to make their
curricula more relevant to students, there is much dis-
agreement across the disciplines on the definition of rel-
evance [16–18]. Newton (1988) noted that “the notion
of relevance in science education seems fraught with in-
consistency, obscurity, and ambiguity.” Bookstein de-
scribed this issue very concisely —“relevance is one of the
most central concepts of information retrieval; however,
attempts to provide it with a definition have been frus-
trating and confusing” [16]. Scholars of relevance agree
that the sense of relevance we are exploring is a relation-
ship between the participant and the subject in ques-
tion [16, 18]. In order to study this sense of relevance in
our physics classroom, we focus on students’ experiences
that contribute to development of meaningful relation-
ships between classroom elements and their lives.
Relevance is a challenging construct to explore due to
the differing meanings in the literature. Relevance has
been used as a synonym for student interest, perceived
meaningfulness, perceived utility, relating to real-life, or
a combination of all the above. Stuckey et al. (2013)
trace the differing notions of relevance in science educa-
tion throughout history and find that there is an evolving
focus of policy recommendations on how science should
impact areas of students’ lives. The authors identify
three possible purposes for making science education rel-
evant [19]: (1) preparing students for potential careers
in science and engineering; (2) helping learners under-
stand scientific phenomena and coping with challenges
in life; and (3) supporting students becoming effective
future citizens in society.
Although the specific meaning of relevance may be dif-
ficult to pinpoint in the literature, we have decades of pol-
icy and curriculum recommendations from science edu-
cators outlining how relevant instruction should or could
impact students’ lives. Our goal here is to shed light on
2how student experiences can inform the ways in which
a physics classroom can be relevant. In order to oper-
ationalize relevance as a construct, we draw upon the
work already done in the PER community around prob-
ing and describing relevance. We start by focusing on
areas of students’ lives that surveys in PER have probed,
highlight its limitations, and articulate a more expansive
view of relevance that will then serve as a research lens
we can apply to students’ experiences.
B. How physics education research has probed
relevance
Students’ beliefs around the relevance of physics has
been a focus of many many attitudinal and episte-
mological surveys used in physics education research
[4, 6, 12, 20]. In this section, we focus on the Colorado
Learning Attitudes about Science Survey (CLASS), the
Maryland Physics Expectations Survey (MPEX), the
Views About Science Survey (VASS), and the Epistemo-
logical Beliefs Assessment for Physics Science (EBAPS)
to show how they have probed relevance. We argue that
the image of relevance generated from the items on these
surveys is incomplete.
Starting with these survey measures and expanding to
include scholarship around relevant physics instruction,
we arrive at areas of students’ lives being explored and
the desirable outcomes after instruction:
• Future Career: Students reporting that the physics
they have learned will be of use in their planned
future career [4, 21, 22]
• Real World1: Students reporting that physics is
connected to the world in which they live. [4, 6,
12, 20]
• Everyday Life: Students reporting thinking of,
talking about, or using physics in their daily life
[4, 6, 12, 20]
• Personal Interest: Students’ reporting that they en-
joy doing physics or that it provides a sense of sat-
isfaction [4, 6, 12, 20]
Beyond these survey measures, there have been recent
efforts to expand what areas of students’ lives contribute
to their connection with physics, specifically looking at
disciplinary interests. Crouch, Geller, and colleagues
have investigated student attitudes, interests, and per-
formance in physics activities framed expansively with
biological contexts [24, 25]. In the next sections we ex-
plore each of these surveys in more detail.
1 We have argued that this category can be problematic in inter-
preting students negative responses [23]
1. MPEX - Reality Link
The Reality Link cluster of the MPEX is described as
probing whether students believe that ideas learned in
physics are relevant and useful in a wide variety of real
contexts, rather than having little or no relation to out-
side experiences [4]. The authors of the MPEX directly
state that interpretations of this cluster are about the
relevance and utility of physics.
In Redish and colleagues’ large study using the MPEX,
spanning six institutions (N=1,528 students), they report
that students entered with strong favorable responses in
the Reality Link cluster. By the end, however, “every
group showed a deterioration on this measure as a result
of instruction, and some of the shifts were substantial
[4].” This is not uncommon, a decline in favorable re-
sponses or an increase in unfavorable responses on the
Reality Link cluster has been reported by studies across
a variety of curricula, pedagogies, and student composi-
tions [7, 26–30]. The Reality Link cluster was intended
to probe whether students believe that ideas in physics
are relevant and useful to a wide variety of real contexts
rather than having little or no relation to outside ex-
periences. The implication being that students with a
negative shift in this cluster do not believe ideas learned
in their physics course are relevant to real contexts or
their experiences.
2. CLASS - Personal Interest & Real World Connection
The CLASS has two clusters that appear to probe the
relevance of physics, Real World Connection and Per-
sonal Interest. These clusters are described as probing
whether students find the physics ideas they learn to be
interesting or connected to the real world. [6]
The authors of the CLASS have reported that the typ-
ical result for both the Personal Interest and Real World
Connection clusters is a negative shift in favorable re-
sponses [6]. Negative results on these two clusters were
reproduced in several other studies as well [8–11].
There have been some positive results reported on this
cluster; Zhang and colleagues conducted a study of 441
students and compared CLASS results across traditional
lecture methods and Peer Instruction. They report tradi-
tional methods resulting in negative shifts in both clus-
ters and Peer Instruction sections producing generally
positive in both clusters [31]. Brewe and colleagues ini-
tially reported positive shifts in both clusters in a small
study of two semesters (N=22 and N=23) of physics
taught using Modeling Instruction and were able to re-
produce positive shifts with a larger sample of 221 stu-
dents [5, 32]. Another study of 44 students utilizing Mod-
eling Instruction by de la Garza and colleagues reported
a null shift in the Personal Interest cluster but a posi-
tive one in the Real World Connection cluster [33]. From
these studies we see that the typical result for the CLASS
across many classroom contexts is negative, with some
3examples of positive results.
3. VASS - Personal Relevance
The VASS has had a personal relevance cluster2 con-
sisting of five items that were intended to probe if physics
was relevant to everyone’s life rather than the exclusive
concern of scientists and if studying physics was an en-
joyable experience [12].
The designers of the VASS state that “traditional
physics instruction has no significant effect on student
views about science” and that “on most VASS items,
students tend to shift a little more toward folk [consid-
ered opposite of expert] views than expert views, after
instruction.” Unfortunately we could not find studies
that reported shifts from pre- to post-instruction within
the Personal Relevance cluster.
4. EBAPS - Real-life Applicability
The EBAPS contains a cluster called Real-life Appli-
cability, which probes whether students believe that the
ways of thinking in a physics class is restricted to the
classroom or if it is applicable in real life. In other words,
do students find the ways of thinking in a physics class
to be relevant outside the classroom?
In studies of high school physics students in Califor-
nia (N=27) and Virginia (N=55) Elby (2001) reports a
null shift in this cluster in the California study, and a
positive shift in the Virginia study [15]. He reflects that
the “failure in California caused me to use more real-
life examples and to make other modifications when I
taught in Virginia.” In a larger study (N=255) Marx
and colleagues created a modified cluster of items from
both the EBAPS and the MPEX probing the relationship
between classroom science and the real world. In both
the traditional course as well as the “learning-centered”
course using research-backed practices, they find a nega-
tive shift in this cluster. The authors reflect on this find-
ing, “our Learning-centered course implicitly addresses
issues related to several of the clusters by... having stu-
dents experience simple, explainable, real-world phenom-
ena in the classroom (Reality). Nevertheless, it fails to
improve students’ attitudes [13].”
Clusters in these four surveys in physics education
claim to probe student beliefs of the relevance of physics.
It is the results from these surveys along with other schol-
arship around how students interpret the role of physics,
that have formed physics education’s understanding of
the question: Do students believe physics is relevant to
them? When exploring the results to this question, we
2 Personal Relevance appears in VASS version P204 and is absent
in P05.07
find that negative shifts in beliefs around the relevance of
physics are typical but that positive shifts are possible.
It remains unclear how to use these results to inform
changes to physics courses to directly impact students’
beliefs around the relevance of physics. In the next sec-
tion, we will reflect on some of interpretations scholars
have made about students’ unfavorable beliefs around the
relevance of physics.
C. Deficit-based interpretations of student beliefs
around relevance
One of the challenges of probing student beliefs around
relevance is that the endorsements of belief statements
are often placed on a spectrum between novice-like and
expert-like. Unsurprisingly, experts in physics believe
that physics is relevant. The gap between students’
novice-like beliefs and experts’ beliefs can sometimes to
lead to the problematic interpretation that students with
unfavorable responses have not committed themselves to
making connections or have failed to see the relevance
of physics. For example, Kortemeyer reported in his
study of pre-medical students that “the results of the
MPEX indicate that over the course of the semester, the
perceived relevance of physics actually decreases. [7, p.
3]” Reflecting on this finding, he notes “contrary to the
student responses in the MPEX Reality Link Cluster,
physics simply is relevant for a physician. [7, p. 3]”
The notion that students are somehow lacking the abil-
ity or unwilling to see the relevance of physics is reflected
in scholarship that suggest instructors should persuade,
demand, or force students to make connections. “In order
to realize instructionally significant gains in epistemol-
ogy, it seems we must carefully craft materials demanding
students to overtly and critically evaluate how they learn
science and the nature of science itself. [13, p. 4]” Ben-
nett, Roberts, and Creagh (2016) reported the success
in establishing relevance in a foundational physics course
through a 2-hour workshop focused on self-reflection and
group work designed to position students’ learning in re-
lation to their future lives and careers. They recommend
instructors “ensure that students perceive the material
they are asked to learn as authentic and of relevance to
their future lives and careers. [22]”
We argue that these recommendations should be mod-
ified to move the focus away from fixing the student and
toward designing classrooms to invite and support stu-
dents in bringing-in their experiences, thereby incorpo-
rating the students into what it means to learn physics.
Our view is in line with and supported by a study by
Gray and colleagues (2008) that found that students re-
porting novice-like beliefs on the CLASS are “quite aware
of what physicists believe about physics and learning
physics; they just do not believe that these ideas are
valid, relevant, or useful for themselves. [34]” They rec-
ommend that instructors should should concentrate on
strategies “that go well beyond telling students about
4how experts view physics and focus on making adoption
of expertlike views truly useful and relevant for students.
[34]”
Life science students taking a physics course may only
be required to take one or two semesters of physics de-
pending on their major. If physics education continues
to position student beliefs on a spectrum of expert-like
and novice-like, or on a degree of “sophistication”, we
risk underestimating the relevant connections life science
majors are able to make. Adams and colleagues have
found that “students’ incoming [CLASS Personal Inter-
est cluster] scores increase with level of physics course.
Thus, students who make larger commitments to study-
ing physics tend to be those who identify physics as being
more relevant to their own lives [6]” We hope to compli-
cate this picture by providing examples of life science ma-
jors without a “larger commitment” to studying physics
beyond the introductory sequence who articulate relevant
connections to physics.
We argue that insisting that physics, as it is taught,
is relevant is bound to create tension with students due
to mixed messaging they may receive on the relevance
of physics. Beverly (pseudonym), who is majoring in
human biology with the intention of attending medical
school, states that physicians she has shadowed have told
her they do not find physics relevant to what they do.
I talked to like various physicians I’ve shadowed
and asked them like what do you actually use...
they’re like... “I don’t really use that much physics”
[Beverly, Interview 1]
Beverly’s belief that physics is a course she just has to
get through seems in agreement with the beliefs of med-
ical students, graduates, and physicians who state that
physics was irrelevant to their success [35–37]. There
have also been studies reporting that physics has no
strong correlation with success in medicine [38, 39]. We
will show how, instead of challenging students’ beliefs
about the relevance of physics to their future careers,
we can start to incorporate their rich disciplinary expe-
riences to make physics more relevant.
Failure in a student’s ability to see physics connecting
to one’s world or life appears to be damning indictment
of the abilities of students to engage in meta-cognition
about their coursework. We don’t believe the authors of
every article reporting negative results on clusters from
these surveys mean to suggest this. We believe the is-
sue lies in the limited picture of relevance and what it
means to measure a student’s sense of relevance. We
suggest that perhaps the measure of relevance provided
by such attitudinal and belief surveys is incomplete, espe-
cially with regard to how disciplinary experiences outside
of physics impact that sense of relevance. We present
analysis in this paper that pushes against deficit inter-
pretations and instead argues that if students’ ideas are
brought into the classroom, students can and do make
relevant connections.
D. An incomplete picture of relevance
We argue that results from clusters probing relevance
are not sufficient to form a complete answer to the
question: Do students believe physics is relevant to
them? The majority of the work on relevance in PER
[4, 6, 12, 20, 22] has been centered on the local con-
text of the physics classroom, how physics may impact
students’ future careers, or how students relate physics
to their world (the generalized “real world” or their ev-
eryday lives). These areas of intersection between the
physics classroom and a student’s life fail to capture some
critical ways in which students inform their attitudes to-
ward physics. Students often arrive at the introductory
physics classroom with attitudes and beliefs informed by
experiences outside of the physics classroom, conversa-
tions with friends and family, and the disciplinary per-
spectives they may hold. We argue for expanding our
notion of what contributes to a student’s perception of
the relevance of physics to include these additional ex-
periences. The students in this article are all life science
majors; they have a rich set of disciplinary experiences
outside of physics that may inform and impact their re-
lationship with physics [40]. Through their experiences,
we will show that expanding our probes to include dis-
ciplinary experiences outside of physics captures a richer
image of how physics can be relevant.
To support this expansion of what contributes to rele-
vance, we adapt ecological systems theory [41] to repre-
sent students as existing in overlapping systems that all
contribute to their perception of the relevance of physics.
This approach enables us to build a construct of relevance
that goes beyond treating a student’s sense of relevance
as contained within the student, it allows us to ask ques-
tions about the intersection of the many experiences in a
student’s life that have contributed to their view of the
relevance of physics.
II. THEORETICAL FRAMEWORK
In this section, we revisit the messiness of relevance as
a construct and attempt to give it more structure and def-
inition. In constructing a theory of relevance for physics
education research, we remind ourselves of the purpose of
this entire enterprise. We are interested in finding out if
we, as instructors and researchers, can impact students’
beliefs around physics. With this in mind, we set out to
answer the following questions. For what purposes will
students retrieve the information they have learned in
physics outside of the classroom or vice versa? Will stu-
dents find meaning or value in physics beyond its purpose
in the classroom? Do students construct productive con-
nections between physics and other scientific disciplines?
5A. Positioning relevance as a theoretical construct
amongst attitudes & beliefs
“Do you believe physics is relevant to you?” How we
colloquially probe relevance in conversations in invokes
belief systems, as does the language used in survey mea-
sures in PER [4, 6, 12, 20]. Beliefs, then, serve as a
starting theoretical foundation for us to build upon in
operationalizing relevance. Pajares provides a thorough
view of beliefs, tracing its development as a unit of anal-
ysis and the challenges in arriving at a consensus for the
meaning of a belief. He articulates a set of findings, in-
ferences, and generalizations researchers have confidently
reported about beliefs. Drawing from Pajares’s 16 funda-
mental assumptions about beliefs —each supported with
a body of literature— and from the decades of focus on
improving physics instruction we can move forward rea-
sonably confident that (1) Students’ beliefs about physics
exist and may impact many aspects of students’ lives and
(2) students’ beliefs about physics are the focus of many
efforts to improve physics instruction.
In order to start building a structure to organize rel-
evance, we adapt Rokeach’s organization of beliefs and
attitudes [42]. Rokeach describes an attitude as a set of
beliefs focused on or aligned towards an object or situa-
tion [42]. We argue that a student’s sense of the relevance
of physics is not informed by a single belief, but that a
student uses many beliefs, formed and shaped by many
experiences, to evaluate how relevant physics is to them.
Similarly, we contend that a student can have multiple
attitudes that form a sense of relevance. A student may
have an attitude around “physics being relevant to their
future career” as well as an attitude focused on “physics
being irrelevant to their everyday life” and these in con-
cert, along with numerous other attitudes, can influence
a student’s sense of the relevance of physics.
This organizational structure (Fig 1) —relevance con-
sisting of one or more attitudes, which themselves consist
of one or more beliefs —aligns well with commonly used
survey measures in PER [4, 6, 12, 20]. In these surveys,
students are asked to endorse individual belief statements
by choosing levels of agreement on a five-point Likert
scale or to situate their viewpoint between two opposing
belief statements on a five-point scale. These individual
items representing belief statements are then grouped us-
ing quantitative methods to arrive at sets of items or clus-
ters that probe similar ideas. This approach to the design
of the surveys aligns with Rokeach’s organizational struc-
ture: individual question items ask students to endorse
belief statements, and a set of these belief statements
are grouped together to characterize a broader attitude
toward physics.
B. Adapting ecological systems theory
A student’s life has many layers, they participate in
a multitude of settings and we expect their sense of the
Figure 1. A representation of relevance consisting of multiple
attitudes and beliefs. This is not intended to be an exhaus-
tive list of all beliefs and attitudes that help form a sense
of relevance, but serves to give an example of such an or-
ganization. Multiple beliefs (inferred by belief statements)
are organized into attitudes. Multiple attitudes constitute a
sense of relevance. Belief statements are used to infer be-
liefs in this structure as they are the most readily accessible
to researchers measuring students’ beliefs. This organization
of relevance aligns with (1) the structure of previous survey
measures of relevance in PER and (2) Rokeach’s theoretical
organization of beliefs.
relevance of physics will be impacted by these numerous
contexts and interactions. Ecological systems theory (1)
preserves the richness and complexity of students’ lives,
(2) serves as a map for scholars studying relevance to lo-
cate relevant intersections of contexts, and (3) provide
utility to physics instructors as they attempt to make in-
struction more relevant to their students. Ecological sys-
tems theory was originally developed to characterize dif-
ferent layers of systems that affect human development.
Bronfenbrenner (1979) describes the ecology of human
development as the study of how a person and the dy-
namic settings they experience mutually accommodate
and adapt to each other under the influence of relations
between settings and larger contexts the settings are em-
bedded within [41].
There are three underlying features of this framework
that will be important in our construct of relevance: (1)
The person is considered a dynamic entity with agency
to impact their environment; (2) The interaction between
a person and their settings is reciprocal by nature, each
having the ability to impact the other; (3) The environ-
ment that is influencing the person is not limited to a
single setting, but expanded to include connections be-
tween settings and external influences. We adapt the first
two features to mean that a physics classroom does not
6simply impart knowledge on its students, but rather the
classroom is shaped by the students and the experiences
they bring into the classroom. We adapt the third fea-
ture to state that a student’s sense of relevance of physics
is not solely influenced by their physics classroom.
In adapting these features of ecological systems theory,
we bring along a situative view of the classroom[43–45].
Specifically, we will consider how the structures and cul-
tural values of a physics classroom can inform relevance
through interactions with other settings in a student’s
life. This situative perspective on what contributes to a
student’s sense of relevance will have implications for our
view of the ability of commonly used attitudinal and be-
lief surveys to probe the whole of relevance. Particularly,
items probing students’ beliefs around connections be-
tween different disciplinary courses are missing. We will
show how these connections can be an important contri-
bution to a student’s sense of the relevance of physics.
An additional affordance of this situative perspective
on relevance is that it gives us the power to describe the
enactment of physics classroom with more richness. This
view positions the classroom as an actor on the stage
rather a passive environment the student experiences.
The situative perspective necessitates that we acknowl-
edge that the design and implementation of a classroom
is imbued with cultural values through its structures and
not simply a collection of curricula and pedagogy. The
classroom’s tools and materials, discursive practices, par-
ticipatory structures, and task structures [46] all convey
cultural values. We believe that viewing the classroom as
one actor among many in a students’ ecosystem can help
in articulating the structures within the classroom and
relationships across classrooms that promote relevance.
1. Structure & Organization of Ecological Systems
Bronfenbrenner [41] organized ecological systems the-
ory as a set of concentric systems encompassing an indi-
vidual as shown in Fig 2. Each system represents layers
of contexts and interactions which may inform the devel-
opment of the individual. In the descriptions that follow,
we will adapt ecological systems theory from its original
purpose, which was to explore human development, to
describe students in a physics classroom.
The characteristics and identities of the individual in-
cluding but not limited to age, sex, race, or health are
positioned in the center. The first layer encompassing
the individual is the microsystem, which is defined as “a
pattern of activities, roles, and interpersonal relations ex-
perienced by the developing person in a given setting...
[41]” We can imagine this system being occupied with
settings a student actively participates in including their
coursework, research groups, jobs, social settings with
peers and family, and more. In addition to the settings,
the microsystem also includes the roles the students play
in these settings and the interpersonal relations within
these settings.
Figure 2. A visual representation of Bronfenbrenner’s [41]
organization of ecological systems theory as a set of concentric
systems encompassing an individual —moving outward from
the center are the —micro-, meso-, exo-, and macrosystems.
The mesosystem “comprises the interrelations among
two or more settings in which the developing person ac-
tively participates... [41]” The mesosytem can help us
describe the interrelations between settings in the mi-
crosystem. For example, a physics course and a biology
course may interact with each other through the culture
enacted in each course which can incorporate the peda-
gogy, curricula, or participation structures. A common
interaction we encounter in the mesosystem is that our
students enter our course having heard horror stories of
physics experiences from their peers, family, or from the
broader messaging that physics is difficult and not di-
rectly applicable to the future careers of life science stu-
dents. In this paper we will focus on elements of students’
mesosystems and show how they can be powerful medi-
ators of a student’s sense of relevance.
The exosystem includes the settings that the student
does not actively participate in but nonetheless impact
or are impacted by the settings in which the student ac-
tively participates. Examples of elements in the exosys-
tem include the physics experiences of family or friends,
the employment of a student’s primary caregiver, or the
policies that impact a student’s education. This level of
the student’s ecosystem can also hold future career qual-
ifications, medical school admissions criteria, and even
mass media. All of these interactions informs not only
a student’s participation in the physics classroom, but
can also influence the design and implementation of the
classroom itself.
The macrosystem contains cultural and societal norms
7that exist consistently within any set of lower-order sys-
tems —micro-, meso-, or exo- —and can include belief
systems and ideologies that govern the lower-order sys-
tems. We can imagine the contributions of the culture
and society to a student’s perception of the relevance of
physics. If we narrow our focus to the culture within
specific scientific disciplines, there may emerge a set of
norms, attitudes, ideologies, or expectations that govern
participation in a variety of settings of a student’s mi-
crosystem. The macrosystem has important implications
for our study of relevance. All of the students described
here have a disciplinary major outside of physics; the
culture of a student’s home discipline can inform their
participation in and attitudes toward physics. [47, 48]
Bronfenbrenner would later add a layer beyond the
macrosystem called the chronosystem which includes
events and transitions in one’s own life as well as the
environment around them. In this study we exclude the
chronosystem from consideration as we do not have suffi-
cient longitudinal data from student’s entire lives to com-
ment on the significance of major life events and transi-
tions beyond their time in our physics classroom.
Each of these systems will play a role in students’ lives,
but for the purposes of this paper we will focus our at-
tention on the microsystem and mesosystem. We believe
these two layers represent rich spaces to explore the rel-
evance of physics and are the most readily accessible in
the design of this study.
C. Relevance through transformation of
participation
A consequence of using a situative approach to rele-
vance is that the settings and the structures that com-
prise them are embodied with values and they are in-
tertwined with the co-construction of relevance with the
student. Rogoff and colleagues (1995) described this in
their work on defining development as a transformation
of participation. “Individuals’ efforts and sociocultural
institutions and practices are constituted by and consti-
tute each other and thus cannot be defined independently
of each other or studied in isolation [44].” This directly
informs how we interpret students’ experiences presented
in this paper. Our students’ statements around finding
physics to be relevant are often intertwined participatory
acts that reciprocally impact and are impacted by the
classroom structures. The classroom structures and the
student, in concert, shift their participation from experi-
encing an activity in physics to transforming the activity
with their contributions.
III. METHODOLOGY
A. Studio & IPLS classrooms are rich contexts to
study relevance
The context for this work is an introductory physics
for the life sciences classroom in a residential college
within Michigan State University called Briggs Life Sci-
ence Studio Physics (BLiSS Physics). This physics course
has been recently reformed to leverage connections to
biology in the learning of physics. As previously men-
tioned in the description of the mesosystem, one way we
expect students to find relevance in physics is through
cross-disciplinary connections. Classrooms that promote
building of connections across disciplines are a rich con-
text to explore a construct such as relevance. A student
who is majoring in the life sciences may already have
a strong sense of relevance of their own areas of study
that may not extend into the physics classroom. A con-
text that emphasizes connections between physics and
the students’ home disciplines provides the opportunity
to observe students experiencing and reflecting on these
connections. These moments are characterized by the
nature of the classroom activity and a student’s partici-
pation impacting one another.
BLiSS Physics adapts curriculum, discursive struc-
tures, and participation frameworks from Modeling In-
struction for introductory university physics [49, 50]. In
addition to breaking the traditional distinction of lecture
and laboratory, our implementation of the studio for-
mat in this course emphasizes student-led investigations
as an entry point into every unit. Student groups de-
sign and implement investigations to arrive at empirical
rules supported by evidence that govern a phenomena.
The entire classroom then utilizes white-board meetings
and argumentation to arrive at a classroom consensus
[50, 51]. Computational activities are used throughout
the course to support students gaining competency in
using vPython to model and visualize phenomena that
cannot be done using traditional closed form analytic
methods. In these activities, students are presented with
minimally working code that runs without errors but is
lacking the correct physics. Students then are asked to
use their physics concepts to write or correct the few lines
of code so that the physics used in the simulation is cor-
rect. Students are never asked to write python code from
scratch, rather the focus is on students developing an
understanding of foundational programming structures
(constants, loops, conditional logic statements, etc.) and
to gain competency in modifying existing code to suit
their needs.
In introductory physics classrooms we often position
students as being novice without consideration to the
extensive rich disciplinary content knowledge they pos-
sess outside of the discipline of physics. To address
this, BLiSS Physics intentionally positions students as
being expert in their home disciplines and has space de-
signed to allow students to bring in their expertise [40].
8When students engage in bringing in disciplinary content
knowledge or life experience into the physics classroom,
it presents a significant opportunity to forge connections
between students’ lives and physics.
B. Data Collection
The data presented in this article are part of a larger
design based research [52] endeavor in (1) developing and
iterating on an introductory physics for the life sciences
course and (2) articulating design conjectures [46] in es-
tablishing a classroom environment that attends to stu-
dent affect, positions students as disciplinary experts in
the life sciences, and promotes the relevance of physics.
Design based research is a situated approach to studying
classrooms; the embedded nature of this methodology is
reflected in the analysis which coordinates across multi-
ple streams of data across two years of iteration in the
course.
Potential case students were identified from a course
survey given in the first week of class that asks students
to reflect on their previous experiences with physics as
well as their disciplinary interests. The survey included
both open and closed responses and were reviewed for the
presence of certain factors such as students expressing a
strong disciplinary identity, high anxiety or fear leading
into the first semester of physics, or students who were
open to physics potentially playing a role in their future
career.
Independent of the survey, students were asked to con-
sent to in-class video recording as well as volunteer to
participate in research interviews. Students whose sur-
vey responses were deemed interesting based on the fac-
tors described above were cross-matched with interview
volunteers. A semi-structured interview protocol was de-
veloped to probe students’ beliefs around the relevance of
physics as well as their beliefs around the design of the
course. The case students that were interviewed were
recorded in class as they worked on activities in small
groups. Based on the initial interview, in-class video, and
availability students were interviewed multiple times.
Author Nair was embedded in the course both as a re-
searcher and as a member of the instructional team (in
sections he was not conducting interviews). Field notes
and observations were used to capture significant mo-
ments in the classroom as well as the general effective-
ness of classroom activities in achieving their learning
outcomes. This deep involvement in the classroom envi-
ronment helped form an understanding of the culture of
the classroom as well as the discursive and participatory
norms practiced throughout the course.
The first interview took place in the first few weeks
of the Fall semester. The second interview took place
approximately halfway through the semester after a unit
on diffusion. The third interview was conducted midway
through the Spring semester (Fig 3). One of the case
students, Maria, became an undergraduate learning as-
Figure 3. The time-line of data collection for the case studies
presented in this paper, Nicole and Maria. Both students took
the BLiSS Physics course in the Fall semester and a different
second semester physics course in the Spring. In Year 1 of
this study, in-class video was recorded of focal groups work-
ing through a unit on diffusion. In Year 2, focal groups were
recorded throughout the entire semester. This figure repre-
sents a subset of a much larger research study that followed
over 25 students across the 2 years.
sistant in the course and was interviewed a fourth time
midway through their first semester on the instructional
team.
C. Analysis Methods
In this paper, we include data from two case studies.
Maria (pseudonym) was a student in the first year of the
course, and Nicole (pseudonym) was a student in the sec-
ond year of the course. After articulating categories of
relevance PER has previously explored (Section B of the
Introduction), we conducted semi-structured interviews
to probe each category and discover new categories. Each
interview with these case students was video recorded
and transcribed. We used MAXQDA to code each inter-
view’s transcript for evidence of student’s beliefs around
the relevance of physics. We utilized an open coding
scheme to expand and refine areas that contributed to the
relevance of physics. Each case student’s in-class video
was analyzed to find and corroborate events described
in interviews, the resulting moments were transcribed
and analyzed. In the classroom, author Nair was present
for the vast majority of class sessions and recorded field
notes of interesting moments in which the case students’
senses of relevance may have been impacted. Based on his
observations in class author Nair conducted impromptu
audio-recorded interviews with the instructor on multi-
ple days to better understand instructional choices and
to capture reflections of moments shortly after they oc-
curred. MAXQDA was used to triangulate these differ-
ent streams of data and to record analytic memos as the
project progressed. This analysis was presented and dis-
cussed at multiple research meetings to check the validity
of interpretations and claims.
In the next few sections, we outline case studies of
Maria and Nicole: two students majoring in the life sci-
9ences who report relevant connections to physics. Their
rich experiences go beyond what can be revealed by cur-
rent survey measures and challenge the deficit interpre-
tations of life science students’ ability to see the rele-
vance of physics. Informed by their experiences, we ar-
gue for an expanded view of relevance that includes the
connections students make across course structures as
well as relevance co-constructed in a classroom designed
to support relevant connections. Maria’s case highlights
the importance of the mesosystem in fostering relevance
through connections between courses. Maria’s experi-
ences have implications for how a physics course can be
designed to foster relevance, but in past scholarship these
attempts involve layering-on activities of reflection and
meta-cognitive development. Instead of looking for ways
we can impose relevance on students, we trace the expe-
riences of Nicole as an example of how course design and
participatory structures can impact a student’s sense of
relevance and have lasting effects after the course.
IV. “MARIA”
Maria is a microbiology major with a minor in epidemi-
ology who identifies strongly as a microbiologist. She has
founded or held leadership positions in multiple biology
and infectious disease related organizations. She works in
a water microbiology research lab, tutors students, and
conducts campus tours. At the time of the interview
Maria was concurrently enrolled in the physics course
and a prokaryotic physiology course. Maria had previ-
ously taken physics in high school and recalls that expe-
rience as being disconnected from her interests. During
this study Maria was in her junior year of her undergrad-
uate education and planned to pursue a graduate degree
in public health after graduation. In our first interview,
Maria reflects on her previous experience with physics.
“The last time I’ve had physics was sophomore
year of high school... I just don’t think they did a
very good job of connecting it back to everyone’s
interests...it was just theoretical pure physics. so,
not my thing...” [Interview 1]
Maria states that the type of physics course she ex-
perienced in high school was not effective in connecting
to students’ interests in general and has concluded that
physics is “not her thing.” When asked if she believes
physics is relevant to her, she is optimistic about the
BLiSS Physics course and suggests that connecting to
biology may be a path towards relevance for her.
“I think in this course it may be a little more
’cause of the [biology] connections, otherwise I
would probably say no [laughs]” [Interview 1]
In this section we explore the ways in which Maria is
finding relevance in BLiSS Physics that go beyond what
attitudinal and belief survey measures have the ability to
capture. We adapt Bronfenbrenner’s ecological systems
theory to describe some of the contexts in Maria’s life
that have connected to her physics course and impacted
her view of physics. Finally we argue that students like
Maria, who are life science majors can and do find physics
to be relevant. We shift away from deficit-framing to look
for ways in which the design of the physics classroom
and the ecology of her disciplinary experiences have sup-
ported amplification of her sense of relevance.
A. Describing Maria with ecological systems
theory
If we were to imagine the ecosystem that Maria’s life
exists within, there may be a multitude of elements that
are not visible to instructors or researchers. Even though
we are unable to fully describe Maria as a person —we
doubt any theoretical model can fully encapsulate a per-
son’s life —there are many elements and relationships
that we are able to see playing an important role in her
sense of relevance. We focus on those areas in what fol-
lows.
Maria’s microsystem: Starting with the most cen-
tral system, Maria’s microsystem includes her courses,
her microbiology major program, her water microbiology
research lab, her clubs and organizations, as well as her
family and peers. Additionally, her microsystem includes
the roles she takes on as as well as the interpersonal ex-
periences within these settings. These are the settings in
which Maria actively participates and engages in activ-
ities and we expect them to contribute to her sense of
relevance.
Maria’s mesosystem: Maria’s mesosystem in-
volves the relations between the settings in her microsys-
tem. Maria was enrolled in a prokaryotic physiology
course —concurrently with the first semester of physics
—which impacted her sense of the relevance of physics
in answering questions in microbiology. The research she
conducts in water microbiology impacted how she per-
ceives or participates in a physics activity exploring the
resistive forces experienced by a water-dwelling parame-
cium.
Maria’s exosystem: Expanding further, the set-
tings in Maria’s exosystem include her microbiology ma-
jor’s undergraduate program committee, future graduate
schools, and future career opportunities within microbi-
ology. It also includes settings that her family, friends,
and peers engage in. These are settings in which Maria
doesn’t actively participate in or impact, but they have
implications for the settings within her microsystem. For
example, the requirements in a future graduate program
or career can impact the courses that populate her mi-
crosystem. Maria’s friends and family may have had ex-
periences in classrooms or workplaces that can impact
how she participates in her own coursework.
Maria’s macrosystem: Lastly, Maria’s macrosys-
tem accounts for the culture, beliefs, or ideologies perme-
ating through her more inner systems —micro-, meso-,
10
Figure 4. Maria’s microsystem and mesosystem. While the
whole of Maria’s experiences can never be captured in any
diagram, this figure represents areas of Maria’s life that we
consider important to exploring the relevance of physics to
Maria.
and exosystems —that form a consistent thread through-
out her experiences. Maria readily points out that she
identifies as a microbiologist and not a macrobiologist.
Microbiology as a disciplinary area of study contains a
set of norms and expectations on the appropriate scales
of research questions as well as ways of communicating
within their community. The physics classroom will at-
tempt to set norms and expectations for what it means
to do physics, but these norms and expectations inter-
act with and are woven into a larger network of culture,
beliefs, or ideologies of what it means to do physics as
opposed to biology.
Mapping Maria’s experiences onto ecological systems
theory helps us see the value of the mesosystem. There
are a few items on commonly used PER surveys that
probe the mesosystem to ask about potential connections
between the physics classroom and the student’s life out-
side of the classroom. We contend that moving away from
an abstract sense of life outside of the physics classroom
and moving toward identifying specific settings will help
reveal useful connections instructors and researchers can
leverage in building relevance with students. In the next
section we dive deeper into Maria’s mesosystem for spe-
cific settings, roles, and interpersonal relationships that
have impacted Maria’s sense of the relevance of physics
(Fig 4).
B. Interactions between physics and microbiology
in Maria’s mesosystem
In the first interview with Maria, she was a few weeks
into the first semester of physics and already identified
potential connections between physics and her other
courses. When asked if she saw biology, chemistry, and
physics as being related she replied:
“Why are things moving that way within the cell?
Why can the cell do that? Well, it’s physics.
actually, we talked about lateral motility within
the cytoplasmic membrane in um... in microbio,
and I’m pretty sure my professor’s words were
something like ’the thermodynamics and the
physics of the you know the cytoplasmic membrane
are a glorious chapter in microbio!’ laughs ...
anytime anything is moving, or even just you know
the thermodynamic things, things you don’t think
about, it’s physics.” [Interview 1]
When asked if she sees connections between physics
concepts she is currently learning and her other courses,
she notes that the connections are mostly related to
motion and that they are basic in nature.
These are a little more basic but I mean I know
it’s going to apply somewhere. You know you
can find velocity of a bacteria like we did ac-
tually in our activity [motion tracking video
of bacteria] and stuff like that, and you know
how different things affect their velocity and stuff
like that. But so far it’s pretty basic... [Interview 1]
There are two features of Maria’s statements that re-
flect commonly espoused beliefs in our interviews. (1)
Students attribute that many things in the world happen
because of physics, or that physics underlies everything.
This is in line with the disciplinary culture of physics
in which it claims to be fundamental or foundational to
other disciplines. [53] (2) The connections students are
most readily able to make early in the course are around
motion. Since motion constitutes the first few units of the
course [50], it is understandable that students attribute
motion of objects or creatures to physics. Maria’s early
connections do not reveal deeper connections occurring
beyond observing that physics sometimes pops up in her
other courses in the form of motion or a statement of
reverence for the physics underlying more complex mech-
anisms.
Maria’s evolving sense of relevance: Midway
through the first semester of physics we interviewed
Maria again and ask if she thinks biology and chemistry
play a role in her physics activities.
MARIA: Yeah, I laughed. Because so I’m in
prokaryotic physiology... I’m a microbio major,
the number of times physics comes up is a little...
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Yeah. Because we were talking about the move-
ment of flagella. And how some parts are using
the torque and what does the work, and different
things like that. I’m like, this is physics. And then
we were talking about the strength of the cell wall
and the different components, and what’s resisting
and the inside forces, and what’s really providing
the protection in terms of physics. So we never go
into details, but the words are like, it’s there. You
know it’s physics.
I: And then you’re seeing that connected here?
M: Yeah, I think when we talked about the
diffusion lab, that we had talked about that
previously. In that class, the diffusion across
the cell membrane, and you know, viewing it as
smaller elastic collisions. [Interview 2]
Maria is seeing physics come up in her prokaryotic
physiology class enough to warrant her laughing about
it being a common occurrence. In this exchange we see
Maria identifying physics concepts that play a role in
her prokaryotic physiology including topics of movement
of flagella, forces inside the cell, as well as diffusion
across a cell membrane. Later in the same interview, we
ask Maria her thoughts on an activity calculating the
resistive forces that a paramecium experiences in water
[54]. This activity involved making assumptions about
the density of the paramecium and Maria shares a story
of her bringing in her microbiology expertise.
Interviewer: How about the paramecium one?
Maria: I like the paramecium one.
I: You liked it.
M: Because I’m a microbiologist. So I was like, this
makes so much sense. Because I think actually she
[the professor], when you had to take the density
of it, I thought of it in a way like, she actually had
me tell it to the class. Like she hadn’t thought of
it that way. But I know as a microbiologist, the
paramecium is going to take in its surroundings,
like osmosis. And a cell is 99% water as it is.
So I knew I could take the paramecium’s density
approximately as water. Which is not how, she
saw it as like oh, it’s floating in the water, so the
densities have to be relative. But I would never
have thought of it that way. [Interview 2]
Maria reflects on her identity as a microbiologist
and the disciplinary expertise that she brings with
her into the physics classroom. She is able to offer
up an alternative reasoning path that differs from the
professor’s explanation. In the course, positioning
students as experts in biology is a critical design feature
and it manifests here as the professor validating her
idea and having her share it with the entire class. This
participatory act of Maria bringing in and successfully
incorporating her biology content knowledge into a
physics activity is an observable display of relevance.
These interactions in Maria’s mesosystem between
her biology and physics courses prove to be a powerful
influence that Maria articulates near the end of the
second interview. Maria is asked to expand on why she
believes physics has the power to explain why things
happen.
Maria: I’ve always kind of thought of physics
as more of a conceptual, being able to explain
things. Because it takes it to such a simple and
mathematical, you can model with it. But not
really until taking this class and getting the tools.
Sure, you can see something and be like oh, yeah,
physics probably explains that. But I don’t know
physics, so why would I think about it that way.
I don’t have that tool. But I think taking this
course, the microbiology course alongside physics,
where things like work and torque and force are
coming up, in a field that I know about. That
helps you see... But, I think if I were to look at
physics, I think I’m interested in how it relates to
the macroscopic biological world. I know other
people do other things, but this [paramecium
activity] is the physics I like. [Interview 2]
In the exchange above Maria states that it wasn’t un-
til she was taking the physics class alongside prokary-
otic physiology course that she saw how the the tools
of physics connect with a discipline she has expertise in.
Maria sees connections across the two courses, and states
that the physics activity on paramecium represents the
physics she would like to do. We believe this is a sig-
nificant marker of relevance. Maria expresses interest in
physics and she sees physics as a tool that can be used
in microbiology.
When this physics course was designed, we did not
imagine or plan for this synergistic relationship with
prokaryotic physiology. It is not feasible for an instruc-
tor to predict that a student like Maria will enter their
classroom and make significant connections to a specific
disciplinary course. We do not credit the relevant con-
nections Maria is able to build to the physics curricu-
lar materials or activities, we instead point to designed
course structures that make space for students to bring
themselves into the physics classroom. Maria brings into
the physics classroom her disciplinary expertise and her
identity as a microbiologist. The connections she makes
are validated by the instructor and amplified by sharing
them with her classmates. The physics course structures
and environments are not changing Maria, she arrived
in the physics course seeking to make connections and
to incorporate knowledge across the disciplines. Early
in the course, Maria states that she sees physics playing
a role in a variety of biological contexts. Through in-
teractions between her courses, we see an amplification
of Maria’s sense of relevance. We articulate structures
of the classroom that have supported this amplification
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in the next section as we trace the experiences of Nicole
whose sense of relevance is also amplified through inter-
actions between courses.
V. “NICOLE”
Nicole is a genetics major who is interested in a career
in data science in health informatics. Nicole has sub-
stantial disciplinary experience in the life sciences. She
holds three jobs as an undergraduate: a biology labora-
tory learning assistant, a part-time researcher in an en-
tomology lab, and a researcher in a genetics lab studying
the effects of gene mutations on protein function. She
has never taken physics before and has heard from her
friends that physics courses at the university were dif-
ficult and terrible. Nicole decided to take our BLiSS
Physics course after a recommendation from a friend who
previously worked as learning assistant in the classroom.
In addition to physics, Nicole is concurrently enrolled in
biochemistry and a computational modeling course. We
split our discussion of Nicole’s experiences into two sec-
tions that focus on connections across settings in Nicole’s
mesosystem. The first section describes Nicole’s views on
the relevance of physics informed by connections between
her coursework. We represent these forms of relevance
in a way that aligns with previous cognitive perspec-
tives used in physics education research —these views
of relevance represent what the attitudinal and episte-
mological measures discussed earlier [4, 6, 12, 20] aim
to probe. The second section also looks at connections
present in Nicole’s mesosystem but pushes beyond the
cognitive perspective into a situative perspective where
we consider classroom structures, norms, and values as
powerful agents that help co-construct and amplify rele-
vance with Nicole.
A. Nicole’s perspective on the relevance of physics
In this section we present evidence from a series of in-
terviews to describe Nicole’s beliefs around the relevance
of physics. We focus on the mesosystem level to describe
her perspective of how physics, computational modeling,
and biochemistry courses can be relevant to one another.
1. Relevance between computational modeling & physics
Our first glimpse that Nicole is seeing connections be-
tween physics and her computational modeling class is in
our first interview in the early weeks of the Fall semester.
INTERVIEWER: Have you encountered physics
in any of your other courses?
NICOLE: ...in my [computational modeling] class
—actually yesterday— we had to come up with
like, we ended up coming up with our own models
for dropping a ball off of Beaumont Tower. And
then a skydiver so... and then I have homework
to do for that class this weekend about a bungee
jumper. So yeah! I am seeing physics a lot right
now, actually.
I: So, what makes those examples physics to you?
N: For me, it’s like whenever there’s something in-
volving motion, like I immediately think physics...
So all those things that like with that [computa-
tional modeling] class, they’re all involving some
sort of motion, like actually they’re all falling
motions. But, that is physics, like first thing that
comes to mind. [Interview 1]
Later in the same interview we probe if Nicole believes
physics will be helpful for completing her other courses
or degree.
NICOLE: I’ve already seen it help me with like
my [computational modeling] class just yesterday,
actually. Like, it was nice because I went from
coding in physics’ lecture. And then I went to
that, and we were doing like a similar type of
thing. So that was kind of nice to like it’s nice to
have those connected...
I: Wow. Can you tell me about some of these
examples of —so like take me into the perspective
of you— like when you walk into class, and
after doing physics and now you’re going to [the
computational modeling course], when did you
realize the basic connections?
N: Um, we were trying to like write some code,
and I was like, “Well, hey? Like I did this in
physics today – well, I’ll be looking to see if there’s
any similarities, anything I could take from that.”
And there was actually like one little point that I
realized like, “Oh, I need to put this in my loop...”
[Interview 1]
Nicole is seeing parallels between the types of activi-
ties and resources used for both her physics course and
her computational modeling course. The similarities
between the type of activities cued her to bring in
elements from her completed physics solution into her
computational modeling programming homework. 3
Near the middle of the semester we follow-up with
Nicole in a second interview and we ask her to elaborate
on connections between physics and her other courses
and again she makes connections to her computational
modeling course.
NICOLE: Yeah, so I think it is important for me
3 It should be noted again that these two courses were not designed
intentionally to have this alignment and overlap; Nicole’s expe-
riences were the first indications that these two courses had the
potential to be synergistic in promoting her sense of releva
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to have like a class like physics be able to connect
to other classes because like I sometimes wonder
like, “Oh, when will I ever use physics?” But
like this [Wound Healing Activity [54, 55]] kind
of shows that, “Oh, it is relevant”. Like it does
mean something to like what I might be wanting
to do in the future. And that’s another thing that
like with another class I’m taking, I’m taking like
that computational modeling. And sometimes I
can kind of see how like physics would fit into
that where at least like those concepts you use in
physics that kind of seem to be applicable in that
class, too. And we’ve done a lot of stuff with like
modeling like the spread of disease and stuff. So
that’s been really interesting to kind of see how
like even though it’s not directly physics, it’s like
concepts that we’ve used in physics are also being
used there.
INTERVIEWER: Gotcha. Do you have any spe-
cific examples of when you made those connections
with the computational modeling class?
N: When we talked about in class yesterday, like
the Lennard-Jones potential, like we ran a model
like including like that specific equation.
I: Really?
N: Yeah. So it was modeling like- it was a lot
like the one we did in [physics] class where we
were modeling like the collisions. It was similar
to that. And then like he used the Lennard-Jones
potential... I was sitting in physics yesterday, and
I like turned to my (inaudible), like, “Oh, hey, like
we modeled this. I like have this equation on my
computer right now that we used”. So I thought
that was cool.
Nicole describes a moment where she is in her physics
course and realizing that she has completed work from
computational modeling that is relevant to the physics
activity she’s working on. This is analogous to the mo-
ment Nicole describes in the first interview, where she has
a relevant programming activity from physics she can use
to complete her computational modeling work. Physics
and computational modeling are two settings that have
a reciprocal connection that strengthens Nicole’s belief
that the concepts in physics are useful to computational
modeling, and vice versa. Physics connecting to compu-
tational modeling has a deeper implication in that com-
putational modeling is a critical skill for Nicole’s planned
future career in data science. In the above excerpt we
see this connection between courses as entangled with
Nicole’s posited belief that physics may be relevant for
what she wants to do in the future. In the next section,
we continue to describe relevance within a cognitive per-
spective as we describe what can be considered an aim
of true relevance, connections across two disparate disci-
plines: Physics and Biochemistry.
2. Mesosystem Interactions Between Physics &
Biochemistry
One of the learning objectives for the first semester
of BLiSS Physics is to cover phenomena students may
have seen in their Biology and Chemistry courses and
to unpack the physics interactions underlying them. We
see Nicole state that she may not use physics practices
directly in a another course, but that physics explains
why larger processes occur. We see Nicole apply this
idea specifically to in-class activities in her Biochemistry
course when we ask her to reflect on an activity exploring
the force and energy required to unfold a protein using
optical tweezers [54].
NICOLE: I thought this one was pretty interesting
because I’m taking Biochem right now. So like we
talk a lot about like protein unfolding and stuff
and like the consequences it has. So like basically
every lecture or so, she’ll talk about like what
happens with certain like mutations in genes and
stuff. And a lot of it has to do with like messing
with the protein structure. So I thought that
was kind of interesting because it applied back to
Biochem and kind of gave like an additional layer
to what I had already learned in that class as to
why stuff like that was happening. So that was
interesting.
INTERVIEWER: So did knowing that like physics
is involved in those processes help kind of...
N: It did actually kind of help like because like
I understood the chemical background of it. But
like seeing an actual like more of a physical reason
for it rather than just, “Oh, like this amino acid
is in the wrong place”. Like it kind of like helped
like connect; like bridge that gap between like,
“Oh, this is in the wrong place. Because it’s in the
wrong place, this is happening”. [Interview 2]
Nicole states that physics provides a layer of under-
standing to the topics she covers in her Biochemistry
class and finds these connections to help her bridge the
gap between describing a process and understanding
why it occurs. She revisits this idea later in the same
interview when we ask her if she sees courses connecting
to what she wants to do in the future.
NICOLE: Yeah, actually. All three of them [Bio-
chemistry, Computational Modeling, & Physics],
I could see being applicable to like what I want
to do in the future... with Biochem, like I can
kind of see how like I want to kind of go in
like a genetics-based type of informatics thing
and like work on like bridging that gap between
like genetics and the clinicians and how to help
them. So like Biochem has helped with that
because it’s like shown me like different types of
mutations and diseases and stuff and like why
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they’re caused. And then the physics kind of goes
with that because like Biochem shows why it’s
caused, and physics shows why the Biochem kind
of happens. So yeah, I do think everything is kind
of connecting.
INTERVIEWER: When did you first start think-
ing that the physics explains why the Biochem is
happening?
N: It was these types of activities. I think there
was another like similar protein type of one. And
it was like that was when I kind of realized like,
“Oh, like a month ago, we did this in Biochem,
and now we’re doing it in physics. It like makes
sense”. [Interview 2]
In the past two sections we have discussed examples of
Nicole making connections across courses she is enrolled
in simultaneously. We now turn our attention to an in-
stance where Nicole is able to continue making relevant
connections after she has left the first semester of physics.
3. Mesosystem Interactions Between Physics & Eukaryotic
Cell Biology
In our third interview with Nicole, halfway through
the Spring semester, we discuss Nicole seeing physics
come up in another course.
INTERVIEWER: Are you seeing physics pop up
in other places?
NICOLE: I’m not seeing like physics as in like oh,
this is physics. But more like concepts like in the
Eukaryotic Cell Bio class I’m taking. We talked,
we spent like, our first exam is on Tuesday, and
so this first section was all about like transporting
proteins and stuff. And so I know that a lot of it
has to do with the structure of the structure of the
transporters and stuff and we learned last semester
[BLiSS] like that kind of hydrophobic interactions
and stuff is important and it’s because of physics,
like physics.
We see Nicole explaining that hydrophobic interactions
are explained by the physics she’s learned and that it has
an impact on the structure and function of protein trans-
porters. We again see Nicole pointing to physics as the
mechanism behind why processes explored in her biology
courses occur the way they do, but now she continues
to make connections after she has left the first semester
course. Nicole’s statements describing the relevant con-
nections between classroom activities in physics, com-
putational modeling, biochemistry, and biology courses
suggest that we can look to moments in her classroom ex-
perience in order to understand how relevant connections
are built. In the next section we stay within the mesosys-
tem to look for connections across the coursework Nicole
experiences, but we push beyond the cognitive view that
relevance is only constructed in Nicole’s mind and con-
sider the classroom’s role in helping foster and amplify
relevance.
B. Situative perspective of the co-construction of
relevance
In the previous section, we described how Nicole’s be-
liefs on the relevance of physics to her other courses has
been impacted by her perception of classroom activities.
We believe this view is in line with the kinds of rele-
vance currently explored in PER and is reflected in the
design of commonly used surveys. We argue, however,
that Nicole’s beliefs are not the only contribution to the
relevance of physics. In order to capture a more full
sense of this relevance, we turn our attention to the role
the classroom environment plays in helping co-construct
or amplify the relevance of physics to Nicole. In what
follows, we employ a situative perspective to consider
the reciprocal relationship of Nicole and her classroom
in forging a sense of relevance.
1. Relevance between computational modeling and physics
13 days after we conducted Interview 2, Nicole and
two other students are working in a group on an activity
modeling the random walk of a protein colliding with
water molecules by flipping coins. In the activity, the
protein is said to move in one dimension either forward
or backward depending on the result of the coin flip
[54]. When Nicole’s group mates (Alisa & Melanie, both
pseudonyms) voice confusion and frustration, Nicole
explains the point of the activity alluding to a piece of
code produced in her computational modeling course
that helped her understand.
ALISA: These probabilities are driving me nuts!
MELANIE: Is it the idea that it’s wavering along
this one line?
NICOLE: It’s basically, you flip a coin... and if
it’s plus one if it’s heads or minus one if it’s tails...
[my computational modeling code] makes it really
easy to see.
Shortly after this moment we see Nicole turn her lap-
top toward her group mates to show them the simulation
she has written for her computational modeling course.
The professor notices this moment while walking around
the room and suspects that the group may be off-task.
As the professor approaches, Nicole explains that she
is showing the group a visualization she’s written in
her computational modeling course that relates to this
activity. The professor asks to see what the visualization
does, and we see Nicole show the professor and her
group members her simulation run several times. Nicole
explains how changing the number of flips the program
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simulates impacts the distance traveled in the random
walk. The professor then smiles and asks if Nicole would
be willing to share this with the entire class. In the
last portion of the class, Nicole projects her laptop on
the document camera for her classmates to see, and
explains how her simulation creates a plot that helps
visualize the randomness of random walk. She runs the
code several times announcing how far the random walk
ended relative to its initial position. Nicole explains
that if you let the code simulate a large number of flips,
there is a better chance of ending up further away from
where it started. The professor then summarizes why
she believes Nicole’s code is a good visualization of the
process of random walk.
INSTRUCTOR: So I thought this was really nice
right? Because what Nicole is showing us is that,
all she’s showing you is that as the time increases,
right? Which is the same as the number of flips,
so number of flips is letting you go for a longer
time, you are getting more likely to see a variation
from zero. Right? So it’s the same thing as that
histogram plot. But this is showing it in a really
nice way, like you can see where the zero is, right?
And you can see where all of the variation that
the steps gives you and where it ends up all in a
single plot which was very nice.
From the perspective of the ecological systems theory,
this moment from the physics course embodies the re-
ciprocal nature of participants and their settings. Nicole
brings in and shares her computational modeling work as
a way to show that it can make the purpose of this activ-
ity “really easy to see.” The similarities between respec-
tive activities from computational modeling and physics
mediate and support Nicole, but we also see Nicole im-
pacting her course environment. The professor in this
course invites Nicole to share her code with the class
and summarizes why she believes Nicole’s visualization
is valuable in understanding the learning objectives for
that activity. This incorporation of Nicole’s contribu-
tions into the instruction suggests that her contributions
have significantly impacted and augmented that day’s
physics lesson. In fact, after the class, author Nair inter-
viewed the instructor who remarked that she initially had
planned to switch to a planned demonstration, but re-
vised her plans in-the-moment to make space for Nicole’s
contribution. The reciprocity in this moment —Nicole
and her course environment impacting each other —is
a critical part of the construct of relevance we want to
describe and is in agreement with the features of Bron-
fenbrenner’s (1979) ecological systems theory.
What sets this moment apart from the previous section
is that Nicole’s connection is relevant to physics because
she has become part of that days instruction. Her knowl-
edge and previous work from a class outside of physics
is brought in, validated, and incorporated into what it
means to do physics. If the classroom design did not in-
clude the flexible time and space to allow for Nicole to
bring her expertise in, then we may not have seen this
moment play out as we had.
Stating Nicole believes physics is relevant due to
these interactions is not capturing the whole of the mo-
ment. The instructor, through her actions, suggests that
Nicole’s contributions are relevant and useful. The class-
mates that listen and give Nicole their attention signal
what is happening is relevant to their learning of physics.
The technology utilized in the classroom allows Nicole to
project her personal computer makes this type of sharing-
out possible; this type of student-led presentation is a
critical piece of the course’s design. It is all of the class-
room roles, structures, norms, and values in concert that
allow for this sense of relevance to be co-constructed and
amplified.
In order to connect this expanded view of relevance
back to the belief structures mentioned before, we return
our focus back onto Nicole’s beliefs to verify that this
moment was relevant to her. Author Nair, after seeing
this moment play out in the classroom, followed up with
Nicole over email. The following exchange happens in
the very same day the events took place.
From: Abhilash
To: Nicole
Hi Nicole,
I had walked into class and noticed you were
presenting work from a Jupyter notebook. I’m
wondering if you could reply with a brief reflec-
tion of you presenting that to the class:
- how did that happen?
- how did it feel?
- what are your thoughts about presenting other
work in your physics class?
I just want to grab your thoughts while the
memory is still fresh in your mind.
Have a wonderful day!
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From: Nicole
To: Abhilash
Hi Abhilash!
When we started the coin flip/random walk
worksheet, I realized that I had essentially done
this in my [computational modeling] class, so
I showed my group, because I thought it was
a lot more easy to visualize like that than it
was to physically flip a coin. [The professor]
saw me doing it and asked if I would show the
class. I actually enjoyed doing it, because there
have been a lot of connections between the two
classes, so it was fun to be able to show others
the connections I had been able to make. I think
showing work from other classes actually helps
a lot, because it puts into perspective all the
different ways physics is used.
Hope you have a great day!
Nicole believes the act of bringing in work across
courses is helpful and she enjoyed showing her classmates
the connections she was able to make. In the next sec-
tion we look at a connection between biochemistry and
physics Nicole recalls in her third interview and highlight
the critical features that helped support this memorable
and relevant moment.
2. Relevance between biochemistry and physics
In our third interview with Nicole, we find out that
connecting across physics and biochemistry is a lasting
memory for her.
INTERVIEWER: Tell me some memorable mo-
ments from the first semester.
NICOLE: Um I think one memorable moment was
like towards the end when we were talking about
like the water molecules and stuff, I really liked
that because I felt like it related really well to
Biochem, so I thought that like those two concepts
like together like really gave me a really strong
idea of why polar and non-polar molecules don’t
interact basically.
I: Oh, ok, so take me to the phys– which parts
were they when you talked about water.
NICOLE: Um that was the very end of the
semester we basically just did-we didn’t really do
any like experimentation or anything we just kind
of talked through a lot of it and made like giant
whiteboards and drew a lot of pictures and stuff.
Um but I remember like there was one specific
question where I was like “we literally had an
entire slide in my biochem lecture that is this word
for word” So I like showed them and I’m like this
is what’s going on and this is like how the physics
would work behind it so.
I: Whoa, so you were showing your group-mates?
N: Yeah
I: In physics?
N: Hm.mmm. [nods in agreement]
I: Um it seems like a lot of times you’re bringing
in outside of class materials into the class, how did
that feel?
N: It was nice, it was nice to make that connection
between the two, because it kind of like reinforces
the idea that science is super interconnected.
The activity which Nicole refers to above is adapted
from NEXUS/Physics which asks students to use con-
cepts of enthalpy and entropy to reason through why oil
and water do not mix. It explicitly questions why oil and
water mixed together isn’t a favored state even though
it appears more “disordered” [54]. We now turn to the
in-class video to see this moment play out. Nicole is
working in a group of three with classmates Melanie and
Alisa; Nicole and Melanie are adjacent to each other. All
three students have their heads down filling out answers
to first page of the activity. Nicole finishes answering
the first page and turns the page to look at the next
question (#4). She then exclaims “Ooh! Number 4 I...”
and smiles. She then quickly reaches for her laptop and
powers it on. A short while later, Melanie is finished
with the first page as well and confirms her answers with
Nicole. She then notices Nicole’s laptop screen and asks
Nicole “It’s biochem?” Nicole then replies with a smile
and says “Yup, but it’s literally the answer to number
4, so...” Nicole notes multiple times to classmates and
to undergraduate learning assistants that the concepts
in this activity are being covered simultaneously in her
biochemistry course.
One learning assistant (Miles, pseudonym), who is co-
incidentally majoring in biochemistry, stops by Nicole’s
group. Miles is a case student from Year 1 of BLiSS
Physics, who joined the instructional team as a learning
assistant in the following year. Miles validates Nicole’s
connection and states that a similar realization happened
for him when he was a student in the course; he had seen
similar diagrams being used across physics activities and
his biochemistry textbook. He, again relays his own ex-
perience by describing his former belief that the processes
described in the activity were simply driven by enthalpy
and describes how he now realizes he was wrong. When
Nicole and her group members suggest that they are fin-
ished, Miles challenges them with a task that is not part
of the activity: to consider if the process of a substrate
binding to an enzyme is favorable. Through this inter-
action, Nicole making connections across her courses is
normalized and reaffirmed by a learning assistant who
has the dual status of (1) a student who has successfully
completed the physics course and (2) has disciplinary ex-
pertise in biochemistry.
Over the course of two class periods we see Nicole tak-
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ing the lead on writing her group’s answers on white-
boards, this was not common for Nicole across her entire
semester in the course. Working with Melanie and Alisa
was a stated preference of Nicole’s and she reported that
she worked much more effectively with them than other
students. Whether with this group or others, Nicole
typically did not take the lead on writing her group’s
responses and instead can be often seen on video qui-
etly following her group. Similar to the synergy between
Nicole’s computational modeling course and physics, the
overlap between biochemistry and physics activities was
not planned. We argue that the similarity of activities
is not the critical feature in making this moment memo-
rable and relevant.
The data from the in-class video suggests that there
are several classroom structures that help facilitate
Nicole bringing in relevant biochemistry knowledge into
a physics activity. The classroom norms and culture en-
courage students to seek out any and all resources they
require. Many students use their own laptops, phones,
and tablets to look up information or read class materi-
als online; this is encouraged and not considered off-task.
Nicole projects her laptop to the class to show her com-
putational simulation of random walk and uses her laptop
to bring up her biochemistry notes. The classroom cul-
ture prioritizes student ideas and building consensus over
relaying the “correct answer.” This affords Nicole the
opportunity to take the lead and demonstrate her knowl-
edge from biochemistry and contribute to her group’s
white-boards. Miles’s validation of Nicole’s connections
are bolstered by his roles as a senior biochemistry major
and a student who has successfully completed the physics
course.
All of the classroom structures, norms, and roles that
help facilitate and co-construct this moment cannot be
described by simply measuring Nicole’s beliefs. We argue
that the full sense of physics being relevant to Nicole’s
other courses exists in her beliefs as well as the inter-
actions between Nicole and the classroom. Pre-to-post
shifts on attitudinal and epistemological surveys can be
an important data point for measuring relevance, but
it does not capture the richness and the power of class-
room elements in amplifying or co-constructing those be-
liefs. Using ecological systems theory allows us to identify
that the mesosystem can serve as a rich space for rele-
vance through connections across courses. Our situative
approach to relevance gives us the chance to (1) capture
these moments as they play out in our classrooms for a
more complete sense of relevance and (2) highlight course
structures and norms that be designed/iterated to impact
the relevance of physics for students.
VI. DISCUSSION
In this paper, we have presented analysis that pushes
beyond the cognitive perspective on relevance and uses a
situative approach [45], a reader may question if explor-
ing relevance necessitates such an expansive framework.
Ecological systems theory’s situative nature gives schol-
ars the language to start identifying sites that may be
formative in a student’s sense of the relevance of physics.
Until now, the physics classroom has been the primary fo-
cus of work on students’ beliefs on the relevance of physics
[4, 6, 12, 19, 20]. We argue that the other layers of sys-
tems within a student’s life can play a critical role in a
student’s sense of relevance. In addition to allowing us to
map out important contexts in students’ lives, a situative
perspective affords us the ability to explore the recipro-
cal relationship that an environment and its participants
have on one another.
A. Relevance is co-constructed by students and
their environments
One of the limitations in seeing relevance as purely a
cognitive construct is that it puts the onus on students
to believe that physics is relevant. When students re-
port their belief that physics may not be relevant to their
lives, there is a risk that scholars may focus on how to
fix students’ beliefs as opposed to addressing the layers
of systems students exist within. Moving away from a
deficit-view of students beliefs, we can explore the rich
ways students and physics classrooms can co-construct
and amplify the relevance of physics.
Maria arguably is a student that will attempt to make
connections in any classroom she is in, but it is the dy-
namic relationship of the two courses that helped forge
her sense that physics is relevant to her. The curricu-
lum [50, 54] may have introduced the notion that physics
and biology share disciplinary ideas, but we argue that
relevance was co-constructed by Maria, her coursework,
the roles she played in those settings, and the roles the
settings played in amplifying her connections. This re-
ciprocal and dynamic nature to the construction of rel-
evance is well suited for a situative perspective. Maria
is able to bring her biology knowledge into the physics
classroom to arrive at an alternative solution path. The
instructor validates Maria and asks her to share her rea-
soning to the rest of the class. The course allows for
multiple correct answers and has the space for students’
voices to be shared as experts in their home disciplines.
In this moment, Maria is bringing in the outside disci-
plinary knowledge, but it is the classroom structures and
values that amplify her relevant connection.
Nicole sees connections between her physics course
and her computational modeling course early on in the
semester. This connection is supported by multiple mo-
ments in which Nicole is able to bring in the work from
one course to help with the other. We demonstrate
through a series of interviews that Nicole’s beliefs around
of relevance have been impacted by her classroom expe-
riences. When we look to the classroom for evidence of
this change, ecological systems theory allows us to see the
role the classroom plays in co-constructing and amplify-
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ing the relevance of physics for Nicole. Nicole and the
classroom’s design together have constructed a moment
in which physics and Nicole’s disciplinary knowledge and
experiences are relevant to each other.
B. Ecological systems theory as a motivation for
holistic reforms
One of the strategies employed by scholars attempting
to improve the results from survey measures is to engage
students in activities to develop their abilities in reflec-
tion and meta-cognition [15, 22]. These interventions are
often localized to the physics classroom and actively re-
quire students to articulate and reflect on connections
between physics and their lives. The tacit message is
that students do not already possess adequate abilities in
meta-cognition and reflective practices. This deficit-view
of students’ abilities is problematic, but it becomes espe-
cially so when considering non-physics majors. The life
science students presented here are high-achieving and
have sophisticated expertise in their major disciplines.
They actively and regularly engage in meta-cognition to
assess how relevant their coursework and other experi-
ences are to them, including deciding whether physics is
a course that should be taken simply “to get it out of the
way.”
It may be possible that a physics classroom activity re-
quiring students to construct and reflect on potential con-
nections of physics to their life can result in further devel-
opment of students’ sense of relevance of physics, which
can then be captured in pre-to-post shifts on surveys. It
may also be possible that repeated insistence that stu-
dents should believe that physics is connected to their
lives results in them reporting what they have been con-
ditioned to report. Without careful qualitative work, it
will be difficult to distinguish between these possibilities.
We acknowledge that a positive result on these survey
measures regardless of the strategy is probably beneficial
for the perception of physics education. The aspect that
concerns us is that as physics reforms proliferate across
institutions, we continue to collect instructional strate-
gies and activities to layer on top of a physics classroom
and lose sight of the ecology at play. Students enter and
exit a variety of disciplinary classrooms and without a
systems-level view of their ecosystem, it is challenging to
forge meaningful connections that persist and perpetuate
beyond the physics classroom.
Ecological systems theory motivates us to move beyond
attempts to design or choose the best activity to promote
students’ beliefs around physics. Instead it necessitates
that we see students as existing in multiple interacting
layers of systems. In our course, we have established sev-
eral practices to ensure that students beliefs, affect, and
experiences are brought into the instructional cycle. We
use an initial survey to assess which disciplinary areas
our students are coming from, what they hope to do in
the future, their previous experiences with physics, and
to gauge their level of anxiety or fear as they enter the
course. This serves as a foundation of knowledge that
will help guide instructional choices, but it must be noted
that even with this knowledge we did not predict the con-
nections Maria and Nicole were able to make. Planning
instruction to attend to students’ ecologies is less about
predicting which activities will resonate and more about
designing activities with space, depth, and flexibility to
amplify what students are already capable and willing to
do. This process promotes bringing student ideas into ac-
tivities, allows instructors to position life science students
as experts in their home disciplines, and provides critical
validation and affective support. Moving toward holis-
tic physics reforms that are responsive to the ecosystem
present for their students has the possibility to generate
long-lasting and meaningful narratives of the relevance
of physics to students’ lives.
C. The importance of providing space for students
to bring the whole of their disciplinary selves in
One of the components of the students experiences out-
lined in this paper is the space they are afforded in bring-
ing in their disciplinary expertise. We argue that the par-
ticipatory acts these three students engaged in was crit-
ical in the construction of relevance. Maria recognized
an alternative solution path utilizing her microbiology
content knowledge and was afforded the opportunity to
share her solution to the class. Nicole brought in her so-
lution from her computational modeling course to show
her group mates a visualization that she felt was easier to
understand than the physics activity, she was invited to
share this with the entire classroom. These participatory
structures and a flexible content coverage schedule were
important considerations to the design of our classroom.
Without this responsive and dynamic environment, we
imagine Maria and Nicole m may not have had as posi-
tive of an experience.
VII. IMPLICATIONS
A. Revisiting our tools to measure relevance
A large portion of the work on students’ attitudes and
beliefs in physics education research consists of reporting
on four commonly used surveys. This corpus of work fo-
cuses on evaluating curriculum and pedagogy on its abil-
ity to shift students’ endorsements of belief statements.
This work has expanded to include differing student com-
positions and has been used to compare the relative suc-
cess of different research backed instructional strategies.
Results from these surveys have have been frequently re-
ported to suggest that it is common and expected that
students will find physics less relevant after instruction
than they did before. We argue that the first issue in this
chain of events is that there is no consensus for what it
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means for physics to be relevant. In the surveys, phrases
such as “real world” and “everyday life” are used without
contextualizing them into what students actually expe-
rience. We have previously argued that the concept of
the “real world” presented in these surveys is of an ab-
stracted sense of the natural world that does not include
students’ disciplinary interests [23]. If our physics stu-
dents experiences are not appropriately captured within
these surveys, then the measurement of relevance is lim-
ited and the interpretations of students’ abilities to make
connections becomes problematic. We still see the benefit
of pre-to-post surveys and will continue to employ them
to understand the effects of our classrooms, but we must
acknowledge the limitation in their ability to capture rel-
evance. Most importantly, we must shift away from de-
scribing students in deficit-tinged language so that the
role of instruction is not to persuade, demand, or force
students to make connections but rather invite students
to have a role in the classroom so that physics may have
a role in their lives.
B. Expanding the goals of designing courses for
relevance
The reader may wonder if the solution to creating more
relevant physics classrooms is to design the next coin flip
activity for the next Nicole, or the next paramecium ac-
tivity for the next Maria. Much of the curriculum de-
velopment in introductory physics for the life sciences
(IPLS) is focused on creating interesting and engaging
activities for students to authentically apply physics to
explore biological phenomena. We believe that is cer-
tainly an important factor in promoting relevance; activ-
ities must be rich and authentic as to not simply provide
a veneer of biological context over what is essentially a
traditional physics problem [56]. We also believe that
the curriculum is only part of the solution; classroom
structures, norms, and roles play an equally, if not, more
important role.
The data presented in this paper from the experiences
of Maria and Nicole show the importance of the class-
room in bringing in and valuing their disciplinary expe-
riences. We are finding that providing space for students
to bring their ideas into the classroom requires a rela-
tively flexible content coverage schedule, norms for shar-
ing out ideas to the larger class, and facilitation of the
building of consensus. These are elements of the class-
room that can be intentionally designed. As part of our
larger design based research study, we are currently in the
process of articulating design conjectures for a classroom
that among other things, can amplify relevance. We do
not believe it is possible to predict all of our students’ dis-
ciplinary interests and experiences, so we rely on build-
ing space to allow for students to share their expertise.
This is important for both for students and learning as-
sistants who were former students. Positioning students
as experts in the life sciences and incorporating their ex-
pertise into the learning of physics allows for a responsive
course and is less reliant on a perfectly coordinated IPLS
curriculum.
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